What is the influence of variation in knee positioning during image acquisition on separate quantitative radiographic parameters of osteoarthritis?  by Kinds, M.B. et al.
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296 S231a longitudinal outcome measure for cartilage quality over time. However,
the reproducibility of dGEMRIC has neither been investigated at 3T nor in
patients with osteoarthritis (OA). Therefore, the aim of the present study
was to assess the reproducibility of 3D dGEMRIC of the knee at 3T in
patients with early-stage OA.
Methods: In 14 patients (ﬁve female, three left knees) with early-stage
knee OA (knee complaints>3months, VAS pain>20 mm and Kellgren and
Lawrence grade 1 or 2 on radiography), dGEMRIC was acquired twice with
an interval of 7 days (median 7, range 5-14 days). All scans were performed
on a 3TMRI scanner using a custommade open design 3-channel knee coil,
enabling imaging of large diameter (>14 cm) knees. The dGEMRIC protocol
consisted of a 3D IR FSPGR sequence with ﬁve different inversion times
(TI2100, 800, 400, 200 and 100 ms). To correct for patient motion during
acquisition, all scans with different TIs were rigidly registered in 3D using
the TI2100 images as reference dataset. The regions around the femur and
tibia were registered independently, using an automatic method based on
maximization of mutual information. Next, the TI2100 scans of ﬁrst and
second scan were registered to enable comparison of matching ROIs.
Finally, eight ROIs in the articular cartilagewere drawn on the central slices
trough the tibiofemoral joint: anterior and posterior weight-bearing areas
of the medial and lateral femoral condyles, non weight-bearing areas of
medial and lateral femoral condyles and weight-bearing areas of the
medial and lateral tibial plateaus. Per ROI, the weighted mean T1GD
relaxation time was calculated, where the estimated T1GD relaxation time
of each voxel was weighted by the reciprocal of its uncertainty (as
measured by the square root Cramer-Rao lower bound). To assess the
reproducibility of dGEMRIC, we calculated the intraclass correlation
coefﬁcient (ICC) of the pooled ROIs and also the ICC per anatomical carti-
lage ROI.Figure 1. Scatter plot of the ﬁrst and second dGEMRIC of all patients. Every patient is
represented by a unique symbol-color combination showing the weighted mean T1GD
values of the eight anatomical ROIs. The line represents an excellent reproducibility
(x¼y).
Results: The ICC of the weighted mean T1GD relaxation times of all eight
ROIs of all patients pooled was excellent (ICC: 0.89, p<0.0001) (Figure 1). If
the reproducibility per anatomical ROI was investigated, the ICC of the
anterior weight-bearing areas of the medial and lateral femoral condyles
and the weight-bearing medial tibial plateau was good (ICC: 0.76-0.82,
p<0.001). The ICC of the weighted mean T1GD relaxation times of the ﬁve
other ROIs was excellent (ICC: 0.88-0.94, p<0.0001). An example of
dGEMRIC T1 maps showing excellent reproducibility is shown in ﬁgure 2.Figure 2. Representative slice through the centre of the lateral tibiofemoral joint in the
ﬁrst and second dGEMRIC. The cartilage color map represents cartilage quality in T1GD
relaxation time.Conclusions: The results of the present study show that in
patients with early-stage OA, 3D dGEMRIC of the knee at 3T is a highly
reproducible measure of articular cartilage quality. Therefore, dGEMRIC is
a valuable tool to non-invasively measure cartilage quality in longitudinal
clinical studies following cartilage quality, not only in healthy individuals
but also, in patients with early-stage OA over time.
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WHAT IS THE INFLUENCE OF VARIATION IN KNEE POSITIONING DURING
IMAGE ACQUISITION ON SEPARATE QUANTITATIVE RADIOGRAPHIC
PARAMETERS OF OSTEOARTHRITIS?
M.B. Kinds, K.L. Vincken, T.N. Hoppinga, R.L. Bleys, M.A. Viergever,
A.C. Marijnissen, P.M. Welsing, F.P. Lafeber. Univ. Med. Ctr. Utrecht,
Utrecht, Netherlands
Purpose: The clinical application of quantitative measurement of separate
radiographic parameters of knee osteoarthritis (OA) might be hampered by
a lack of reproducible joint positioning during acquisition of the radiographs.
Therefore, it was evaluatedwhich systematic variations in positioning of the
knee towards the X-ray detector have an effect on the measurement of
separate parameters by Knee Images Digital Analysis (KIDA).
Methods: Compared to the semiﬂexed Buckland-Wright position ﬁve
components of knee position during radiographic acquisition (beam
height, lower and upper leg extension, internal rotation, and lateral shift)
were systematically varied within a clinically relevant range, using three
cadaver legs including the pelvis. KIDA was performed to measure joint
space width (JSW), varus angle, eminence height, osteophyte area, and
bone density in the lateral and medial femur and tibia. Using linear
regression analyses the inﬂuence of the systematic variations on the
measurement of the radiographic KIDA parameters was evaluated.
Signiﬁcant changes were validated in vivo in healthy individuals, and
changes were compared with differences during two-year follow-up in
a radiographic progression cohort of early OA (Kellgren &Lawrence (K&L)
grade < II at baseline, and K&L II ﬁve years later; n¼310 knees).
Results: Systematic variation in upper leg extension decreased the lateral JSW
measurement by 0.20mm per 5 degrees extension, which was only slightly
smaller than the 0.27mm difference during two-year follow-up in the knees
with early OA that progressed. Variation in lower leg extension increased
minimum JSW by 0.07mm per cm forward shift of the lower leg, which is
clinically relevant compared to the 0.11mm difference in knees with OA
progression. Variation in lower leg extension also inﬂuenced lateral eminence
height; the decrease of 0.23mm per cm was only slightly smaller than the
0.27mm in kneeswithOA progression. These inﬂuenceswere all conﬁrmed in
vivo. Additionally, an inﬂuence on the different KIDA parameters was found
that was conﬁrmed in vivo, but that was smaller than the differences in knees
with OA progression. E.g. by varying upper leg extension the varus angle
decreased (cadaver: 0.25, in vivo: 0.08 degrees per 5 degrees). Varying lower
legextension inﬂuencedminimum(0.07mmper5degrees),medial (0.07mm),
and lateral JSW (-0.18mm), and varus angle (-0.32 degrees), which was
conﬁrmed in vivo (0.17, 0.24, and -0.03mm, and -0.31 degrees respectively).
Lower leg extension also inﬂuenced medial tibia osteophyte area (0.49
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-0.04mm invivo). Thebonedensitymeasurementwas inﬂuencedby variation
in allﬁve position components, although thiswas smaller than the differences
due to OA progression.
Conclusions: Variations in knee positioning, which easily occur during
image acquisition in trials and clinical practice despite standardization,
signiﬁcantly inﬂuence the measurement of most separate radiographic OA
characteristics. Although the digital parameters are sufﬁciently robust, the
surplus value of quantitative measurement over qualitative grading will
pay off only when standardization during image acquisition is improved.
Since radiography remains cheap and easily accessible, it is considered of
value to further improve standardization of acquisition.
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ANALYSIS OF MRI-DETECTED CARTILAGE DAMAGE IN KL GRADE 0 AND
1 KNEES
K. Taguchi, K. Chiba, N. Okazaki, M. Osaki. Nagasaki Univ., Nagasaki, Japan
Purpose: It is difﬁcult to evaluate early osteoarthritis (OA) by plain X-ray, and
MRI is thought tobeuseful forearlydetectionofOA.We investigated incidence
of MRI-detected cartilage damage in plain X-ray KL grade 0 and 1 knees, and
analyzed the radiographic factors associated with the cartilage damage.
Methods: Fifty knees of volunteer women with KL grade 0 and 1 (39 and 11
knees)withoutcurrentkneepainwere investigated (Age;mean54,median59,
min-max 22-83, 25-75% 41-67 y.o.). Fat-Sat spoiled gradient recalled acquisi-
tion in the steady state (SPGR) sagittal images were obtained using 3T MRI
(Signa HDx 3.0-T system, GE Healthcare) and 8-channel knee coil (8-channel
HDT/Rkneearray,GEHealthcare). Inaddition,plainX-raywasperformedwith
a full-length legs frontal view in a standing position (RAD Speed Saﬁre, Shi-
madzu Corporation, Japan). The presence and localization of cartilage defects
were investigated in SPGR images by two orthopedic surgeons. Radiographic
parameters (femorotibial angle, mechanical axis, femoral length, femoral
condyle width, tibial length, and tibial condyle width etc.) were measured in
plain X-ray. Age, BMI, and radiographic parameters were compared between
cartilage damaged and intact groups using Mann-Whitney test.ĂResults: Eight knees (16%) (KL grade 0 and 1: 6 and 2 knees) (mean 65, min-
max 55-73 y.o.) had small cartilage defects in SPGR images. All of them
occurred at medial femoral condyle. Age and TW/TL (tibial condyle width/
tibial length) were signiﬁcantly higher in cartilage damaged group (P<0.05).
Conclusions: 16% of KL grade 0 and 1 knees had small cartilage defects at
medial femoral condyle, and age and TW/TL were higher in this group.
Higher TW/TL might be caused by decreased TL due to aging.
Ă
Inﬂammation and Immunity
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OSTEOARTHRITIS PROGRESSION IS ACCOMPANIED BY INFLAMMATORY
CD4+ T-CELL POLARISATION
B. Moradi, N. Rosshirt, S. Hagmann, P. Schnatzer, T. Gotterbarm,
H.-M. Lorenz, T. Tretter, F. Zeifang. Univ. of Heidelberg, Heidelberg, Germany
Purpose: While OA has generally been considered a “non-inﬂammatory”
disease, there is an increasing body of evidence about the presence of
inﬂammatory cells and cytokines in OA synovium suggesting they play
a role in disease progression. It is still controversial which cell types in OA
synovium are responsible for maintaining synovial inﬂammation, and
more importantly how the distribution of inﬂammatory cells, their acti-
vation status and polarisation changes with OA progression. The over-
arching aim of this project was to quantitatively analyse the presence of
inﬂammatory cells and their main pro-inﬂammatory cytokines in the
affected joints of patients with different OA stages. We aimed to investi-
gate T-cell polarisation and activation with OA disease progression.
Methods: Synovial membrane (SM), Synovial ﬂuid (SF) and peripheral
blood (PB) were harvested from a total of 120 patients (75 women, 45men,
mean age of 67.8  8 years) with different OA stages (Kellgren-Lawrence I-
IV). Patients were scheduled for arthroscopy (group 1, K&L I), partial knee
replacement (group 2, K&L II-III) and total knee replacement (group 3, K&L
IV) in our clinic. PB samples from healthy controls were included. After
enzymatic digestion (SM) and gradient centrifugation (SM, PB), mono-
nuclear cells were isolated and analysed by FACS for cell surface and
intracellular markers speciﬁc for mononuclear cells, T cell subsets (Th1,
